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Abstract.To solve the problem that the tracking control precision is low when the essentia oil
filling linear servo system driven by Permanent magnet synchronous linear motor is under high
frequency input signal, the fuzzy adaptive sliding mode control agorithm is designed. The dliding
mode control is adopted to track, the fuzzy adaptive control is used for fuzzy approximation to the
discontinuous control variable of traditional sliding mode controller as well as the compensation for
the uncertainty of the actual operating system, the corresponding adaptive agorithm is aso
designed to make up for the deficiency of fuzzy controller, then effectively reducing the chattering.
Simulation results show that the control algorithm can effectively improve the high frequency
tracking characteristicof the servo system, accelerate the response speed and enhance the
robustness.

I ntroduction

In the ail filling process for filling machine ,the clam must have a high feed speed,and can
constantly adjust the feeding speed according to the different filling bottles in the shortest possible
time.so as to ensure that the filling of high precision, high speed.The traditional filling method is
difficult to meet the requirements,and the precision of filling technology usually need installation a
fast response ability of micro displacement servo system in the filling machine.

The current study of filling machine servo system mainly in two aspects. high frequency
response and high precision[1].The realization of the high frequency response needs innovation and
improvement to micro-feed actuators.But the high precison need through effective control
algorithm to achieve.In terms of FTS drivers,piezoel ectric stack,the foreign scholars have done alot
of research,like lorentz force drivesmaxwell's force drive and its compound drive way.And
domestic scholars aso have done a lot of research on high frequency response and ultra high
frequency response,including tsinghua university,jilin university and national defense science and
technology university and other colleges and universitiesMainly includes the PID control and
repetitive control[2] and sliding mode control[ 3], etc.

This article convenient experiment to obtain larger trip,for the purpose of selection using linear
motor as the driving part of the servo system.Due to the stroke and frequency response is
contradictory.This leads to at the expense of high frequency response partly.In this paper,the various
factors influencing the system bandwidth and frequency response are analyzed.And considering the
linear motor drive characteristic and external disturbance and end disturbance and other
factors,decided to apply the fuzzy adaptive sliding mode control algorithm to improve the precision
of the servo system.
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Linear motor mathematical model

Ignore the loss of eddy current and magnetic hysteresisWhen only considering fundamental
component,d-p axis vector control model can be applied.And use the vector control mode that

i, =0A.Get a d-p coordinates system model of permanent magnet linear synchronous motor by

Park transformation.That is
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In the equation, R is primary resistance,f . is permanent magnet flux linkage,tis primary notch,
iy» Uy, Ly are the current,voltage and inductance of the g axism is equivalentmass, n, is pole pairs,n

isvelocity, f, isthe disturbance of the system.

An adaptive fuzzy dliding mode control system

The servo control system of fuzzy adaptive sliding mode structure diagram is shown in fig.1.gis

the reference position.Control problem is to find the appropriate control rules.Makes the position of
the motor’s activecell can track the given high frequency sinusoidal reference signal.
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Fig.1 Adaptive fuzzy diding mode linear servo control system

Thedesign of fuzzy diding mode control

Assuming that the system is the second order SISO nonlinear system.That is
x = f(x,t)+g(x () +d(t) 2)

In the equation, f,g is nonlinear position function.And g >0 . u(t) is control law. d(t) is
disturbance.Assuming that x, (t) isposition command[4],The tracking error of the nonlinear system
ise(t) = X(t) - x,(t) .Definetheintegral sliding mode surfaceis

330



S() = X(0)- Gg- ke~ k. ©)

In the equation, k, , k, isthe normal number of non-zero.If the system state trajectory reached the

diding mode surface shows system meet the existence condition and reach the sliding mode. Then

S(t) = s(t) = 0 that is

X(t) - % (1) + K e(t) +ke(t) =0 (4)
If you select the appropriate gain,ensure that Eq.4 meet the Hurwitz conditions.The root isin the
left half plane of the complex plane.That can make the tracking error to zero.In this paper,Based on

the parameter setting method to get theright value of k and k,.According to the Eq.2,we can get

u(t) =~ f(xt)- d(t)- x;- ke ke (5)
g(xt)
Dynamic characteristics and the external disturbance of servo system are unknown,so, f, g and d

is uncertain.It makesu(t) difficult to obtain.So we need to use fuzzy control approachu(t) .Using

switching functionC(t) as the input of fuzzy controller.u,, is the output.So the control rules of

fuzzy controller is

Uyy (X) = exp{-[(x +p /6)/(p / 24)]}
Uys (%) = exp{-[(x +p /12)/(p / 24)]}
u, (%) =exp{-[x /(p / 24)’}

Ups(%) = exp{-[(x - p /12)/(p / 24)]*}
Upy (%) = exp{-[(x - p/6)/(p / 24)]’}

Take its membership function are the negative(NM), negative small (NS), zero (2), is positive
small (PS), the positive median (PM).

Using these five rules of membership function for fuzzy sliding mode.Using the gravity method
to anti-fuzzification[5].Get the Output of fuzzy controller system is

ém. wa,
U, (S) =-=—(6)

m

aw

i=1

In the equation, w, istheith rule weights,a, is the fuzzy output element set.

The design of the fuzzy adaptive sliding mode control

In fact, due to the system dynamic characteristic and externa load disturbance may be
unknown,or there is interference, so the feedback linearization control is difficult to achieve.This
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article uses the fuzzy adaptive sliding mode control to analog control lawu(t).a; is adjustable

parameter.So the control output is

u,(Sa)=a'z’ (7)

In the equation, a :[al,az,»%am]T;z =[z,z,%z 1.2, =5
°|
aw

i=1

According to the fuzzy approximation theory, the optimal fuzzy systemu,,(S,a) isexist.Then

ut)=u,(Sa)+e=a'z" +e (8)
There, e isapproximate error.Then

uT

u(Sa)=a 2" ©

v
There, a isthe approximating value of a .
In fig.1,the fuzzy adaptive sliding mode control law is

U(t) = ufz + uvs (10)
There, u, isswitching control law.To compensate the error betweenu and u,.
The Lyapunov functionis

V(1) = % Sty + %eﬁé‘ (1)

1

There, h, ispositive real number.Then

Vi) = 5080+ Va8 = gvaT sz +--a) + SOIHU- ) (1)

1

To ensure V,(t) =0, should adopt adaptive law that is

U

a =a =-h,S(t)z (13)
The switching control law should be

U, =- E(t)sgn(S(t)) (14)

In the switch control, because it is difficult to select the appropriate switch gain E(t), so we

0
often determine use the experience.Used the E(t) instead of E(t).Then

U, = - E(t)sgn(S(t)) (15)
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v ~ U
There, E(t) isthe estimated value of E(t).The error of estimation is E = E(t)- E(t).By using
Lyapunov function,The closed loop system is

V(t) =V(t) + % E(t) (16)

2

Then

X

V() =- |Uz(t)|3(t)|g(x,t) - eS(t)g(x 1) +%[E(t) - EM]E®) (17)

2

Tomake V £ 0, define the switch gain estimatesis

E(t) =h,|S(t)| (18)

Thefactorsthat influence the bandwidth of the system analysis

In a servo system, bandwidth is refers to the servo system can response the biggest sine wave
frequency.Bandwidth is one of the most important indicators of performance as the measurement
and characterization of the control system.Bandwidth embodies the system response speed of the
input signal and interference suppression[6], etc.For servo system,on the one hand bandwidth |,
restricted by saturation, such as drive motor power and torque is limited, excessive bandwidth
cannot be realized in practice,on the other hand it may make high-frequency interference by
excessive bandwidth, up less than the effect of noise suppression, lead to the stability of the system
are affected.In order to prevent the control noise of signal and other high frequency interference,
and has to limit bandwidth[7].

Bandwidth can be achieved by adjusting the servo driver or control system parameters to
adjust.It is aso under the control of the rigidity of transmission chain and transmission clearance
and load inertia.in addition to this,there are many other factors, according to the actual situation to
adjust.

Bandwidth is usually not the only indicator of servo system,it aso has And accuracy, stability
and so onWe need balance the indicators, and combined with the specific purpose to
comprehensive consideration.Does not the greater the bandwidth, the better.

From what has been discussed above, the design of the system bandwidth need comprehensive
consideration of various factors of the system.The bandwidth of gain is by measuring the high
frequency tracking and for interference suppression.

The simulation and theresult analysis

The MATLAB simulation is used to check the frequency responsehigh frequency tracking
performance and anti-interference performanceof the servo system.The simulation curve are fig.2,
fig.3, fig.4 and fig.5.
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Fig.2 The position control curve in high frequencyFig.3 Position tracking error curve on Step disturbance

Amplinsde 1.0

w , atteruation ¢

TS

Fo=itionum
CIT O 1
=

- T § Y []
Fhase lag' f \ f
11 § ) h
v f | 05 b

-5 % ¥ Y
- i

'Ill

T

-10 W S S 1008 u.t‘l-ilﬂ 0010 0.011 0012
0.5 1 1.5 y

'3

Fig.4 The position control curve inUltra high frequencyFig 5 Position tracking error curve

We can see from the fig.2, filling bottles of actual location is very close to the desired
location.Fig.3 isthe tracking error of curve which join the step disturbance at 0.2s.We can see from
the error curve in the graph, fuzzy adaptive synovial control has better ability to resist
disturbance.Stability of the tracking error within 0.2 um. This shows that the controller has higher
tracking precision.We can see the tracking phase lag and amplitude attenuationclearly from the
fig.4.Phase lag and amplitude attenuation are close to zero finally.Fig.5 is error curve which joins

step disturbanceat 0.01s.We can see from fig.5,the error meet requirements.

L5

conclusions

Tracking performance of the control system is directly affect the oil filling accuracy.Therefore,
this article used in high frequency sinusoidal reference signal instead of the actual filling bottles of
sports instruction,and designed a fuzzy adaptive sliding mode controller.Using Simulink to estimate
the frequency response of the system.The simulation curve of the reference signal frequency which
arethe high frequency and ultra high frequency proves the effectiveness of the controller. You can
see from the simulation curve of the tracking error the controller has a better resistance to
disturbance effect.In this paper, there are still two issues need further study,on the one hand, the
uncertainty factors that influences the bandwidth of the system,on the other hand, we need to
overcome the interference of filling process and other uncertain disturbances for improving the
filling accuracy.
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